Low levels of 1-25-dihydroxyvitamin D3 [1,25(OH)2D3] in serum may be a risk factor for several tumor types. Also, high cathelicidin antimicrobial peptide (CAMP) expression is regarded to be important against tumor progression. We evaluated the potential importance of 1,25(OH)2D3 in the diagnosis and treatment of papillary thyroid cancer (PTC).
Background
Papillary thyroid cancer (PTC) is the most common malignancy of the endocrine system [1] . Thyroid carcinogenesis involves multifactorial interplay between genetic and environmental factors [2] . However, the occurrence and development of PTC is incompletely understood. Recent advances in molecular endocrinology have led to considerable progress in understanding of the pathogenesis of thyroid cancers [3, 4] .
Some studies have indicated that low levels of 1-25-dihydroxyvitamin D3 [1, 25(OH) 2D3] in peripheral blood might be a risk factor for several types of cancer [5] . Furthermore, 1,25(OH)2D3 insufficiency has been reported to be associated with advanced cancer stage and an increased risk of metastasis and recurrence of colorectal, breast, and prostate cancer cells [6, 7] . In addition to its role in calcium homeostasis, the activated form of 1,25(OH)2D3 is thought to have a vital role in the proliferation, differentiation, and apoptosis of cells as well as in angiogenesis; it is believed to be a crucial factor in the inhibition of tumor growth [8] . 1,25(OH)2D3 has several anti-proliferative effects through its non-classical roles in several malignancies [9, 10] . Studies using animal models and in vitro investigations have shown 1,25(OH)2D3 to have antiproliferative effects on thyroid cancers [11, 12] . Those studies have highlighted the potential role of 1,25(OH)2D3-vitamin D3 receptor (1,25(OH)2D3-VDR) signaling in cancers. [13, 14] . The VDR is a member of the nuclear hormone receptor superfamily that binds to DNA at vitamin D (VD) response elements to alter transcription of VD-responsive genes [15] .
Recently, cathelicidin antimicrobial peptide (CAMP) has been shown to be associated with tumor surveillance and anti-tumor effects [16] . VDR-dependent mechanisms regulate CAMP in various cell types, and CAMP has been shown to have a role in modulation of the apoptosis of several types of cancer cell [17] . However, whether CAMP can inhibit the proliferation and induce the apoptosis of thyroid cancer cells is not known. We investigated the preoperative serum level of 1,25(OH)2D3 and tissue expression of the VDR in patients with PTC or nodular goiter (NG) to explore its potential importance in the diagnosis and treatment of PTC. We hypothesized that 1,25(OH)2D3 could inhibit the proliferation and induce the apoptosis of PTC cells by increasing levels of CAMP.
Material and Methods

Ethical approval and consent to participate
The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of China Medical University (Shenyang, China). Written informed consent was obtained from all study participants.
Patients
Between December 2014 and March 2015, the First Affiliated Hospital of China Medical University recruited 158 patients with thyroid nodules who were undergoing thyroidectomy. Patients with hypothyroidism, hyperthyroidism, non-thyroid malignancies, or hepatic/renal disease (or taking multivitamins/ vitamin-D supplements within the 12 months) were excluded.
Measurement of 1,25(OH)2D3 levels
The blood samples of 158 Chinese patients who resided in Northeast China (latitude 41ºN) were obtained during winter within 1 week before thyroidectomy, and the daily sun exposure time was estimated to be <1.5 hour for all participants. 1,25(OH)2D3 levels were measured in the sera of patients before surgery using a double-antibody sandwich enzymelinked immunosorbent assay (ELISA) according to manufacturer (WKSU-BIO, Shanghai, China) instructions. The intra-assay precision and inter-assay precision were 15% and 9%, respectively.
Tissue collection and immunohistochemistry
Tissues from 78 patients with PTC were collected. Tissue sections (4 μm) from paraffin-embedded tissue blocks were used for streptavidin-peroxidase immunohistochemical (IHC) staining. Sections were incubated with mouse polyclonal antibodies against the VDR (1: 200 dilution; Abcam, Cambridge, MA, USA) at 4°C overnight. Immunostaining was done using a permanent brown chromogenic substrate system (ZSGB-BIO, Beijing, China). Nuclei were counterstained with hematoxylin for 2 min and examined under a microscope (Olympus, Tokyo, Japan). Staining was quantified using a immunoreactive score [18] . Staining intensity was evaluated according to the following scale: negative (£3 points) and positive (>3 points).
Histopathology
Final histological data were available for all patients in the study cohort. Two experienced pathologists assessed the presence or absence of PTC. For patients with PTC, tumors were classified using the tumor-node-metastasis stage according to the system established by the American Joint Committee on Cancer. Sample pathology type was confirmed by pathologist.
Cell culture
The human PTC cell lines K1 and IHH-4 were purchased from Health Science Research Resources Bank (Osaka, Japan 
Cell proliferation
Cell proliferation was assessed using the Cell Counting Kit-8 (CCK-8) assay (Dojindo, Kumamoto, Japan). Cells (3000 per well) were planted onto a 96-well plate in a final volume of 100 μL. They were then treated with 1,25(OH)2D3 dissolved in dimethyl sulfoxide (Selleck Chemicals, Houston, TX, USA) at a final concentration of 0, 1, 10, and 100 μM for 24, 48, and 72 hours. Briefly, 10 μL of CCK-8 reagent was added to each well, and cells incubated for 3 hours. Cell viability was assessed using an ELISA plate reader by measuring the absorbance at 450 nm.
Apoptosis
Staining by Annexin V/propidium iodide (PI) was measured using fluorescein isothiocyanate (FITC) Annexin V Apoptosis Detection Kit I (Beckton Dickinson, Franklin Lakes, NJ, USA). K1 and IHH4 cells were seeded in 6-well plates. After overnight incubation, they were treated with 1,25(OH)2D3 (0, 1, 10, and 100 μM) and incubated for 48 hours at 37°C. Then, cells were harvested and washed twice with phosphate-buffered saline. Briefly, the samples were subjected to sequential staining with FITC Annexin V Apoptosis Detection Kit I according to manufacturer instructions. Finally, the samples were analyzed via flow cytometry (Beckton Dickinson) within 1 hour and images acquired. The experiment was repeated three times.
RNA extraction and quantitative reverse transcriptionpolymerase chain reaction (qRT-PCR)
RNA was extracted from K1 and IHH4 cells using RNAiso Plus (TaKaRa Biotechnology, Dalian, China) according to manufacturer instructions. cDNA was synthesized using a reverse transcription kit (TaKaRa Biotechnology). SYBR Premix Ex Taq II (TaKaRa Biotechnology) was employed to carry out qRT-PCR with a LightCycler™ 480 system (Roche Diagnostics, Basel, Switzerland). The primer (Genscript Bio, Nanjing, China) sequences (forward and reverse, respectively) were: 5'-GGCTGGTGAAGCGGTGTAT-3' and 5'-TGGGTACAAGATTCCGCAAAAA-3' for CAMP; 5'-ACCACAGT CCATGCCATCAC-3 and 5'-TCCACCACCCTGTTGCTGTA-3' for glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Relative expression of the VDR was calculated with the double-standard curves method.
Western blotting
Protein extracts from cell lysates were generated from 1,25(OH)2D3-treated PTC cells, which were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride (PVDF) membranes (Bio-Rad Laboratories, Hercules, CA, USA). Then, the blotted PVDF membranes were incubated with anti-CAMP (1: 1000 dilution; Abcam) and anti-beta-actin (1: 2000; Cell Signaling Technology, Danvers, MA, USA). Washed PVDF membranes were incubated for 1.5 hours with horseradish peroxidaseconjugated anti-rabbit IgG secondary antibodies (1: 5000; Cell Signaling Technology). Images of western blots were acquired by MicroChemi (DNR, Neve Yamin, Israel).
Cell transfection
The short interfering RNAs (siRNAs) used to reduce CAMP expression were purchased from TaKaRa Biotechnology. The sequence of the CAMP siRNA was 5'-GUGCUAUAGAUGGCAUCAATT-3' (sense) and 5'-UUGAUGCCAUCUAUAGCACTT-3' (antisense). The sequence of NC siRNA was 5'-UUCUCCGAACGUGUCACGUTT-3' (sense) and 5'-TTAAGAGGCUUGCACAGUGCA-3' (antisense). K1 and IHH4 cells were transfected using Lipofectamine ® 2000 according to manufacturer (Invitrogen, Carlsbad, CA, USA) protocols. After 24 or 48 hours, cells were harvested for further experiments.
Statistical analyses
Data analyses were carried out using SPSS v21.0 (IBM, Armonk, NY, USA) and Prism 6.0 (GraphPad, La Jolla, CA, USA). The data for 1,25(OH)2D3 did not adhere to a Gaussian distribution. Differences were assessed by non-parametric Mann-Whitney U-tests. Receiver operator characteristic (ROC) curves were established to evaluate the diagnostic value of 1,25(OH)2D3 to differentiate between PTC and NG. The chi-squared test was applied to assess the difference between VDR expression and clinicopathologic characteristics. P<0.05 was considered significant.
Results
The preoperative serum level of 1,25(OH)2D3 was lower in PTC than in NG Preoperatively, we measured the 1,25(OH)2D3 level in the sera of 78 patients with PTC and 80 patients with NG during the same period. When evaluating the median (range) of 1,25(OH)2D3 for the entire group, the PTC group had a median 1,25(OH)2D3 level of 16.07 (7.17-88.67) pg/mL, and the NG group had a 1,25(OH)2D3 level of 24.94 (6.67-97.15) pg/mL (P=0.028), thereby showing a significant difference between the two groups ( Figure 1A) . However, the preoperative serum level of 1,25(OH)2D3 in PTC patients was not significantly different with regard to age, sex, tumor size, TNM stage, recurrence risk stratification (RRS), or lymph-node metastasis (LNM) ( Table 1 ).
Diagnostic value of 1,25(OH)2D3
We explored the potential diagnostic value of 1,25(OH)2D3 as a biomarker. A ROC curve was generated to ascertain if 1,25(OH)2D3 could predict malignancy.
The area under the ROC curve was 0.728 (95% confidence interval=0.625-0.790, P<0.001) ( Figure 1B ), which suggested that 1,25(OH)2D3 could be a has potential diagnostic value for PTC. When using a cutoff value of 20.13 pg/mL, the sensitivity and specificity were 67.5% and 73.7%, respectively, and the Youden Index was 0.413.
The VDR shows high expression in PTC
Expression of VDR protein in PTC was notably higher (51 out of 78, 65.4%) than that observed in paired adjacent non-cancerous tissue (21 out of 78, 26.9%), and IHC staining was localized in cytoplasm of PTC (Figure 2A ), whereas IHC staining was localized in nuclei of paired adjacent non-cancerous tissue ( Figure 2B ). Expression of VDR protein was significantly different according to age (cutoff point at 45 years) (P=0.031). However, there were no significant differences in other clinicopathologic characteristics such as sex, tumor size, TNM stage, RRS, or LNM (Table 2) . 
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apoptosis of K1 and IHH4 cells as assessed by flow cytometry (Annexin V-FITC/PI double-staining), which was increased significantly in a dose-dependent manner. 1,25(OH)2D3 (100 μM) increased the proportion of PTC cells undergoing apoptosis ( Figure 3B ). These results suggested that 1,25(OH)2D3 exhibited potent effects against PTC cell lines.
1,25(OH)2D3 upregulates CAMP expression in PTC cell lines
We measured the endogenous CAMP expression in K1 and IHH4 cells. Western blotting revealed that 1,25(OH)2D3 upregulated expression of CAMP protein in a dose-dependent manner 
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( Figure 3C ). These results suggested that CAMP may participate in the proliferation and apoptosis induced by 1,25(OH)2D3 in PTC cell lines.
CAMP knockdown can reverse the proliferation and apoptosis caused by 1,25(OH)2D3
To ascertain the role of CAMP in 1,25(OH)2D3-directed inhibition of the proliferation and increased apoptosis of PTC cells, we first knocked down CAMP using a specific siRNA in PTC cell lines ( Figure 4A ). The CCK-8 assay and Annexin V-FITC/PI double-staining showed that knockdown of CAMP expression attenuated the proliferation and reduced the apoptosis caused by 1,25(OH)2D3 in PTC cell lines significantly ( Figure 4B-4D) . These results demonstrated the important role of CAMP in the proliferation and apoptosis in PTC cell lines induced by 1,25(OH)2D3.
Discussion
Many PTC patients have a good prognosis and slow course of disease, but this can be complicated by distant metastasis or inoperable disease [19] . Therefore, finding a good biomarker to aid the diagnosis of PTC and to aid treatment of those with inoperable disease or who are refractory to radioiodine treatment is very important.
It is believed that 3% of the human genome is under the influence of 1,25(OH)2D3 and that many of these genes are involved in essential cell-regulatory mechanisms, the disruption of which may result in carcinogenesis [20] . 25-hydroxyvitamin D3 [25(OH)D3] is used commonly to evaluate nutritional status in clinical and basic research because of its relatively high level and long half-life in peripheral blood, and its ease of detection [21] . Recent results from qRT-PCR analyses for the VDR showed obvious differences between PTC and normal thyroid tissues, and IHC analyses for the VDR revealed positive staining in PTC, but low, scarce, or even absent VDR staining in adjacent normal thyroid tissues. The authors suggested that a high cytochrome P450 (CYP)27B1/low CYP24A1 profile in PTC might enhance VDR expression and reduce VDR inactivation, thereby increasing the local availability of 1,25(OH)2D3 [28, 29] . We found that VDR expression was increased significantly in PTC tissue compared with paired adjacent non-cancerous tissue. However, VDR expression was significantly different only according to age (cutoff at 45 years) in PTC (P<0.05), and not different with regard to sex, tumor size, TNM stage, RRS, or LNM. The results of our study differ from those of certain other reports and the Youden index is low, possibly because of its limitations (patients were from a single center selected in a narrow time range). Therefore, Further studies are needed to establish the best method to determine cutoff value and evaluate its validity in future, such as season; BMI; eating habits; use of cigarettes, alcohol, and education.
Several studies have reported that high VDR expression may be an important response against tumor progression [30] . We hypothesized that the transcription or translation of the VDR may be activated in PTC pathogenesis, or that increased VDR expression might promote the occurrence of PTC. Therefore, the specific mechanism and discrepancy between VDR expression between PTC and NG require further study.
1,25(OH)2D3 binds to the nuclear VDR in target organs to form heterodimers with the retinoid X receptor. This action results in the recruitment of other transcriptional cofactors that inhibit the growth of thyroid, breast, pancreatic, colorectal, ovarian, and prostate cancer cells [31] . When the VDR binds to 1,25(OH)2D3, it changes its conformation, induces the transcription of target genes, and adjusts its biologic effects through a non-classical or classical pathway [32] .
Use of animal models and in vitro studies have shown 1,25(OH)2D3 to have anti-proliferative effects on thyroid cancer [11, 12] . Studies have suggested that several cytokines have important roles in the proliferation and apoptosis of thyroid cancer cells [33, 34] . Some studies have provided evidenced that CAMP is a direct or indirect target of the VDR [35, 36] . As a vital member of the cationic antimicrobial peptides family, the particular mechanism by which CAMP inhibits proliferation and induces apoptosis is not known, but it has been assumed that CAMP could induce phosphatidylserine externalization and DNA fragmentation in a manner independent of caspase activation [37] . Some studies have found that CAMP can enhance the expression of Bcl-2 and reduce the expression of Bax [38] . Other research has suggested an increase in caspase-3 activity caused by CAMP (which plays a vital part in apoptosis) in direct and indirect ways. Microscopy studies have suggested that CAMP causes cell shrinkage, membrane "blebbing", nuclear condensation, DNA fragmentation and an increase in caspase-3 activity [39] .
In the present study, we discovered that 
Conclusions
The preoperative serum level of 1,25(OH)2D3 in patients with PTC was obviously lower than that in patients with NG. 1,25(OH)2D3 could be a new, potential biomarker to identify PTC and NG. 1,25(OH)2D3 can inhibit the proliferation and induce the apoptosis of PTC cells and may become a target for drug action to treat PTC through CAMP.
